During the past few years the writer has obtained electromotive force measurements of cells without liquid junction of the type (+) Ag, AgCl, HCI 0.1 M) + protein, H~ (--) with the object of determining the maximal combining capacities of various proteins for hydrochloric acid. The results of such measurements with edestin (1) and gelatin (2) were interpreted as indicating that the protein exhibited a definite maximal combining capacity for each of the ions of the acid, combining with considerably more hydrogen ion than chloride ion. In arriving at this conclusion it was assumed that the mean activity coefficient of the hydrogen and chloride ions was not affected by the presence of the protein, except for the small decrease in ionic strength due to the combination of part of the protein with both ions. Similar measurements with casein have not hitherto been submitted for publication because no way could be found to interpret them on the basis of these assumptions. It is now possible to interpret these data, as well as the experiments with edestin and gelatin, by assuming that none of the proteins combines at all with chloride ion, that each protein has a definite maximal combining capacity for hydrogen ion, and that the mean activity coefficient of the ions of hydrochloric acid is decreased by the presence of the protein in such a way that its logarithm is a linear function of the protein concentration.
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The latter assumption was suggested by the recent results of Failey (3), who measured the solubility of thallous chloride in solutions of nitric acid containing varied amounts of edestin. Without assuming any combination of ions with the protein, he calculated mean activity coefficients of thallous chloride from his solubility data, and found that these coefficients varied in the way just described, which may be represented by the equation
In this equation 7 is the mean activity coefficient of a strong electrolyte in a protein solution, ~'0 its coefficient in a corresponding solution without protein, g is the protein concentration in gm. per 1000 gm. of water, and B is a positive number, a constant for each protein. Failey also pointed out that the writer's data on gelatin and edestin could be interpreted, without the assumption of combination of the protein with chloride ion, by applying this linear relation to variations in the activity coefficient of the chloride ion only. Since there is no way of measuring with certainty the activity coefficient of a single type of ion, it seemed desirable to find out whether the data could be interpreted by applying Failey's rule to the mean activity coefficient of the hydrogen and chloride ions.
EXPERIMENTAL
The experiments with edestin (1) and gelatin (2) (Eastman Standard) have already been described in detail. Table I of the edestin paper (1) contains data obtained with hydrochloric acid free from protein, which were extrapolated by the method described elsewhere (4), giving the value E0 = 0.2193 volt for the cell (--1-) Ag, AgCl, HCl, H= (--) at 30°C. These data were also used to obtain, by a short extrapolation, the values of the activity coefficient "~0 of the protein-free acid. The negative logarithms of these values are given in the fifth column of Table I .
Two preparations of casein were used. Casein I had been prepared from milk 1 by the method of Northrop (5), which involves the filtration of an acid solution and the rejection of the insoluble portion. Such preparations probably correspond to some of the more acid-soluble fractions obtained by Linderstr~m-Lang (6). Its ash content was about 0.5 per cent of the dry protein. Solutions were prepared and concentrations calculated by the method used with edestin (1). The electrodes were prepared by the method previously described (7) and the E.~.~. was measured at 30°C. as before3 1 This casein was prepared by Mr. C. E. Heinrichs, formerly technician in the Laboratories of The Rockefeller Institute.
These experiments were carried out by Miss Esther R. Mason, formerly research assistant in this Laboratory.
Casein II was prepared, as in the original method of ttammarsten (8) , by precipitation from skimmed milk with dilute acetic acid. The casein was washed by decantation and dissolved by adding only enough dilute sodium hydroxide (0.02 ~) to keep the pH below 7.0, as suggested by Cohn (9) . The solution was filtered through paper pulp and treated with a dilute hydrochloric acid solution (0.05 M) equivalent to twice the amount of alkali present. This solution was added rapidly with violent stirring, in order to carry the reaction past the isoelectric point without causing the casein to precipitate. This acid solution (pH about 2.6), although quite clear, was again filtered through pulp, and the final precipitation was made by slowly adding dilute sodium hydroxide, as suggested by Northrop (5). The precipitated casein was washed by stirring and decantation until no appreciable change was found in the conductivity of successive wash waters, after which the casein was filtered off and dried with alcohol and ether. This preparation was much more difficult to dissolve in hydrochloric acid than was casein I. It was possible to obtain solutions only as concentrated as 5 per cent by treating the dried casein first with 0.01 M hydrochloric acid, making use of the finding of Loeb and Loeb (10) that casein dissolves most rapidly in acid of about this concentration. The acid concentration was then brought up to 0.1 ~ by adding known amounts of a 0.2 ~ solution and of water. The casein concentrations were known from dry weight determinations at 105 ° on the powdered preparation. In making the v..~.F, measurements, freshly plated electrodes were used for each solution. 3
RESULTS AND DISCUSSION
The results obtained with the four protein preparations are given in Table I . The electromotive force of such cells is given by the equation g -----E0 --0.06015 log mHmcl "Y~.
Since there is no independent evidence for the combination of chloride ion from hydrochloric acid with a protein in solution, ma~ is taken as identical with m, the total molality of the acid. It is generally believed that a protein in acid solution combines with hydrogen ion. This belief rests on reasoning by analogy with the behavior of amino acids, and on the results of indicator experiments, pH measurements with the hydrogen electrode, conductivity measurements, and cataphoresis measurements. If this assumption is correct, the molality of free hydrogen ion, mH, is equal to m --gx, where m is the total molality \ ordinates of the figures are not -log 7, but -A log ~,, which is -log ~, + log 70. According to Failey's rule this difference should be directly proportional to the protein concentration, and whether this rule holds or not the curves must all pass through the origin.
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A straight line is ob- A straight line is previously calculated from the same data (1, 2) on the basis of other assumptions.
Figs. 3 and 4 show that the data for casein are somewhat less definite, but in each case the points fall most nearly on a straight line if x = 8.0 (:k0.25) X 10 -4. This value for the maximum combining capacity of casein for hydrogen ion is intermediate between the values (6 and 9 × 10 -4) calculated by Cohn (11) in 1925 from compiled data on casein prepared in various ways. In the present experiments the method of preparation of the casein seems to have had no effect on the value of the combining capacity, x, but only on the value of B, the slope of the graph of equation (1) .
The values of B which are given in Table I are those obtained by the use of the values of x selected as giving the best straight lines. These values are all considerably less than the slopes calculated by Failey (3), either from his own data or from the results of other workers. No reason is known for this discrepancy, except that Failey's calculations from the present writer's data are probably illogical because they involve contradictory assumptions as to the activity coefficients of the hydrogen and chloride ions.
By combining equations (1) and (3), and using the selected values of x and B and the experimental values of Eo, "to, m, and g, it is possible to obtain calculated values of E. The values obtained in this way are in fully as good agreement with the observed values as those previously published, but since the graphical method of Figs. 1 to 4 proves the same point somewhat more directly, it seems unnecessary to include the calculated values of E in Table I .
SUMMARY
Electromotive force measurements of cells without liquid junction, of the type Ag, AgCl, HCI q-protein, H~, have been made at 30°C. with the proteins gelatin, edestin, and casein in 0.I H hydrochloric acid. The data are consistent with the assumptions of a constant combining capacity of each protein for hydrogen ion, no combination with chloride ion, and Failey's principle of a linear variation of the logarithm of the mean activity coefficient of the acid with increasing protein concentration. The combining capacities for hydrogen ion so obtained are 13.4 X 10 -4 for edestin, 9.6 X 10 -4 for gelatin, and 8.0 X 10 -4 for casein, in equivalents of combined H ÷ per gm. of protein.
